The title Cu
2+
-chloride coordination polymer with the 4,4 0 -bi-1,2,4-triazole ligand (btr), [Cu 4 Cl 8 (C 4 H 6 N 6 ) 3 ] n , crystallizes in the non-centrosymmetric orthorhombic space group Fdd2. The two independent Cu 2+ cations adopt distorted square-pyramidal geometries with {Cl 2 N 2 +Cl} coordination polyhedra. The metal atoms are bridged by -Cl anions forming left-and right-handed helical chains of sequence [-(-Cl) CuCl-] n along the c-axis direction. In the perpendicular directions, the btr ligands act in -and 3 -coordination modes in a 2:3 ratio. The -btr bridges connect neighboring helices of the same handedness, whereas the 3 -btr ligands link the helices of opposite handedness, leading to a racemic three-dimensional framework. The structure is consolidated by weak C-HÁ Á ÁCl and C-HÁ Á ÁN interactions.
Chemical context

4,4
0 -Bi-1,2,4-triazole, C 4 H 4 N 6 , btr, represents a unique example of a bitopic ligand used for the design of coordination solids. Four nitrogen donor sites in the btr molecule provide the possibility of different bridging modes [e.g. bi-N1,N1
0 (Liu et al., 2007) , bi-N1,N2 (Zhang et al., 2008) tri-N1,N2,N1 0 (Huang, Zhao et al., 2008) and tetradentate N1,N2,N1 0 ,N2 0 (Lysenko et al., 2006) ], generating extended coordination networks. In this context, small nucleophilic anions play a very important role in the formation of the [M-X-M] n coordination units (X = OH, À Cl À and Br À ) that often function as secondary building blocks. In this case, the tri-and tetradentate behavior of btr can be preferably realized (Lysenko et al., 2006 (Lysenko et al., , 2007 . Indeed, the CuCl 2 -btr system is very sensitive to the reaction conditions. For example, a one-dimensional coordination polymer of [Cu 3 ( 2 -Cl) 2 Cl 2 (btr) 4 ]Cl 2 was isolated from an aqueous solution (Lysenko et al., 2006) . Another one-dimensional coordination polymer of [Cu( 2 -Cl) 2 (btr)]ÁH 2 O was isolated in the presence of aqueous HCl (Zhang et al., 2008) . In this paper, we report the crystal structure of the title three-dimensional coordination polymer, (I), which was also prepared from aqueous solution by mixing CuCl 2 , btr and NH 4 Cl.
Structural commentary
The title compound crystallizes from aqueous solution in the orthorhombic system, non-centrosymmetric space group Fdd2. The asymmetric unit consists of two copper(II) atoms, four chloride anions and one and a half crystallographically ISSN 2056-9890 independent btr molecules. One btr ligand occupies a general position, while a half of btr sits on a special position (2-twofold axis running along the c axis, perpendicular to the N-N single bond).
The first copper ion, Cu1, adopts a distorted square-pyramidal {Cl 2 N 2 +Cl} coordination with two triazole N atoms and two chloride anions in the plane Table 1 ]. Addison et al. (1984) introduced the geometric parameter to distinguish whether the geometry of fivecoordinate systems is square-pyramidal or trigonal-bipyramidal. According to this scheme, trigonal-bipyramidal geometries are associated with a value close to 1.00, whereas for square-pyramidal geometries this value is around 0. Here, the value of for Cu1 is 0.35, suggesting the coordination is closer to square-pyramidal. The second independent copper cation, Cu2, has a similar square-pyramidal coordination geometry {Cl 2 N 2 +Cl} with = 0.32. Two triazole nitrogen atoms (N2, N7) and two chloride anions (Cl1, Cl4) comprise the basal plane whereas the fifth chloride donor [Cl3 ii , symmetry code: (ii) x, y, z À 1] occupies an apical site. The copper polyhedra are linked together through the 2 -bridging Cl1 and Cl3 anions to form left-and right-handed [Cu1-Cl1-Cu2-Cl3] n helices running along the c-axis direction (Fig. 2) . The helices have a straight line helical axis (2 1 axis), with the pitch being equal to the lattice parameter c. The btr ligands adopt -and 3 -coordination modes in a 2:3 ratio. It is interesting to note that the -bridge btr molecules connect two neighboring helices of the same handedness (ÁÁ or ÃÃ). Then, each helix is connected to the other two of opposite handedness through 3 -bridging btr molecules, thus forming a three-dimensional framework structure ( 
Figure 1
A portion of the structure of (I), showing the atom-labeling scheme and the copper coordination environments. Displacement ellipsoids are drawn at the 50% probability level. [Symmetry codes:
Figure 2
A portion of the helical structure of (I) (view in the ac plane). The -btr molecules link two neighboring helices of the same handedness, whereas the 3 -btr molecules link two neighboring helices of the opposite handedness. Hydrogen atoms are omitted for clarity. the triazolyl groups. The dihedral angles between two triazolyl rings are 74.4 (2) and 78.1 (2) for -and 3 -btr, respectively.
Supramolecular features
In the crystal, compound (I) exhibits non-classical C-HÁ Á ÁCl and C-HÁ Á ÁN hydrogen bonds (Fig. 4 , Table 2 ). The C5 carbon atom of the triazole ring, as a weak hydrogen-bond donor (Desiraju & Steiner, 1999) , is involved in a hydrogen bond with the acceptor N5 v atom of the neighboring triazole fragment. There is a bifurcated contact between one C1-H1 fragment and Cl2 (major component) and Cl1
iii (minor component). Two other hydrogen-bonding interactions are found between the C4-H4 and C6-H6 fragments and atoms Cl3 iv and Cl2 vi , respectively. In conclusion, the study demonstrates that a combination of a neutral btr molecule and a chloride anion, as complementary donor units, has promising potential in the development and design of metal-organic frameworks.
Database survey
According to our CSD search (version 5.39, update May 2018; Groom et al., 2016) , in which the torsion angle is close to 0 . In the pure ligand, the dihedral angle is equal to ca 88 (Domiano, 1977) .
Synthesis and crystallization
4,4 0 -Bi-1,2,4-triazole (btr) was prepared in a yield of 60% by the literature transamination reaction between 4-amino-1,2,4-triazole and N,N-dimethylformamide azine (Bartlett & Humphrey, 1967) .
A solution of CuCl 2 Á2H 2 O (34.0 mg, 0.20 mmol) and NH 4 Cl (10.6 mg, 0.20 mmol) in 2 ml of water was added to a solution of btr (27.2 mg, 0.20 mmol) in water (0.5 ml). A drop of 0.10 M HCl aqueous solution was then added. The resulting green solution was left standing for several days to form green prismatic crystals. The product was filtered, washed with water and dried in air (yield 47% , 668w, 856m, 896w, 950w, 1022s, 1044s, 1076m, 1102m, 1212w, 1308m, 1338w, 1354w, 1400w, 1498m, 1536m, 3088s, 3112s, 3120s .
The thermal stability of (I) was investigated by measurements of temperature-dependent PXRD (Fig. 5) . In the temperature-dependent X-ray diffractograms, the initial positions of the main diffraction peaks remain unchanged upon heating to 523 K. Above this temperature, the compound undergoes irreversible thermal decomposition, resulting in an amorphous solid. Table 2 Hydrogen-bond geometry (Å , ). 
Figure 3
The three-dimensional helical framework structure of (I) (top view). 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3. All C-bound H atoms were placed at calculated positions [C-H = 0.94 Å (aromatic)] and refined using a riding model with U iso (H) = 1.2U eq (CH). Sheldrick, 2015) , DIAMOND (Brandenburg, 1999) , WinGX (Farrugia, 2012) and PLATON (Spek, 2009 ).
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Acta Cryst. refine structure: SHELXL2018/1 (Sheldrick, 2015) ; molecular graphics: DIAMOND (Brandenburg, 1999) ; software used to prepare material for publication: WinGX (Farrugia, 2012) and PLATON (Spek, 2009 ). 
Poly[tetra-µ-chlorido-tetrachloridobis(µ
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
